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Detailed Description of the Invention 

The present invention relates to an improved 
method for manufacturing a cesium vapor generator used 
in the formation of the photoelectron emission surface 
15 of a photoelectric tube of an image orthicon or the 

like . 

Conventional alkali metal vapor generators used to 
form the photoelectron emission surface of an image 
orthicon were produced as follows. A tubular vessel 

20 made of a material such as nickel, formed with a spiral 

cross sectional shape and provided with the desired 
opening in the lengthwise direction, was packed with a 
specific amount of a mixed powder comprising 1 weight 
part of at least one type of alkali metal chromate or 

25 dichromate and 2 weight parts of at least one type of 

reducing agent such as silicon, titanium, aluminum, or 
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zirconium, .after which the vessel was sealed at both 
ends to produce an alkali metal vapor generator. 

The above-mentioned mixed powder was obtained by 
combining the conventional raw materials, that is, the 
5 above-mentioned alkali metal salt and a reducing agent, 

in a specific ratio and then pulverizing the mixture. 
A alkali metal vapor generator produced in this manner 
was installed at the desired location in the tube 
vessel of an image orthicon, for instance, an alkali 

10 metal vapor was generated by chemical reaction of the 

mixed powder brought about by electrically heating the 
tubular vessel, for example, and the alkali metal was 
vapor-deposited onto a metal thin-film formed on the 
inner surface of a face plate. Because the alkali 

15 metal salt powder and reducing agent powder that form 

the mixed powder each had a wide range of particle 
sizes, the powders did not come into contact very 
evenly, which resulted in fluctuations in the chemical 
reaction velocity. Consequently, the amount of alkali 

20 metal vapor generated per unit of time also fluctuated, 

which adversely affected the uniformity of the 
photoelectron emission surface. Fluctuation of the 
reaction velocity also made it difficult to accurately 
control the amount of metal vapor being generated, 

25 diminished the characteristics of the photoelectron 

emission surface and a secondary electron multiplier, 



and also lowered image .quality and shortened the 
service life of the tube. 

The present invention provides a method for 
manufacturing an alkali metal vapor generator in which 
5 the above drawbacks encountered in the past are 

ameliorated . 

The inventors discovered that with an alkali metal 
vapor generator comprising a mixed powder of chromate 
powder of an alkali metal such as sodium, potassium, 

10 cesium, or rubidium, and a reducing agent powder 

composed of at least one member of the group consisting 
of silicon, titanium, aluminum, and zirconium, there 
are optimal ranges for the particle size of chromate 
powder and the reducing powder in order to generate an 

15 alkali metal vapor stably. Specifically, with a mixed 

7 

powder in which the particle size ranges of the above 
two powders are each limited to specific values, 
contact between the chromate powder and the reducing 
agent powder is better, and therefore the reaction 

20 velocity of the two powders is more consistent and the 

alkali metal vapor is generated more stably. 

The goal of limiting the particle size ranges of 
the alkali metal chromate powder ' and reducing agent 
powder to specific values is not achieved with a 

25 conventional method in which the raw materials are 

mixed in a specific ratio and then pulverized. 
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To use the pulverization of silicon and cesium 
chromate as an example, the hardness of silicon is far 
greater than that of cesium chromate, which results in 
just the cesium chromate being pulverized and the 
5 majority of the coarse particles of silicon, not being 

pulverized. Furthermore, if the mixing and 

pulverization steps are carried out at substantially 
the same time, the state of contact between the 
particles of the two powders is affected by the 

10 atmosphere in which the steps are performed, and 

particularly by moisture. 

With the method of the present invention, the raw 
materials', namely, the alkali metal chromate and the 
reducing agent, are each pulverized separately under 

15 specific conditions to obtain a powder having the 

desired particle size distribution, and only then are 
these powders mixed in a specific ratio. In the step 
of mixing the powders, it is preferable for the powders 
not to be pulverized to below the desired particle size 

20 range, so a mixture procedure that involves as little 

pulverizing action as possible should be employed. 

A generator that affords even more stable reaction 
can be obtained by removing any coarse particles that 
may be contained in each of the constituent powders 

25 that have undergone the above-mentioned pulverization 

step. For example, good results will be obtained by 
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removing any coarse particles of cesium chromate of 200 
mesh (Taylor sieve; the same applies hereinafter) or 
larger, or of the silicon in the reducing agent of 150 
mesh or larger. This is because coarse particles of 

5 cesium chromate react violently and unstably, while 

coarse particles of silicon have a smaller surface area, 
so even if the cesium chromate particles are small, 
good and uniform contact will not be obtained between 
the two powders, and the reaction velocity will be 

10 inconsistent. Also, if the silicon powder particles 

are large, contact cohesion will occur among the cesium 
chromate powder particles, which can lead to a sudden 
reaction just as when coarse particles of cesium 
chromate are contained. 

15 Furthermore, a generator that affords an even more 

\ ' stable reaction can be obtained by removing the mixed 

powder from the mixer during the mixing step after the 
above-mentioned chromate and reducing agent have been 
separately pulverized, drying the mixed powder, passing 

20 it through a 150 to 200 mesh sieve, removing any 

particles that do not pass through the sieve, then 
resuming the mixing, and repeating this procedure a few 
times. This procedure results in improved dispersion 
of the alkali metal chromate powder and reducing agent 

25 powder and in even better uniformity of the mixture, so 

a stable reaction is achieved. 
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The present invention will now be described 
through examples. 
Example 1 

Cesium chromate raw material was heated and dried, 
5 after which 3.0 g thereof was collected and put into a 

stainless steel pot (internal volume of 150 mL) along 
with, stainless steel balls. The mill was run at 118 
rpm to pulverize the contents for 15 minutes and obtain 
a cesium chromate powder. Meanwhile, silicon raw 

10 material was washed with acid and then washed with 

water and dried, after which it was put into a 
stainless steel pot (internal .volume of 150 mL) along 
with stainless steel balls The mill was run at 118 rpm 
to pulverize the contents for 40 minutes and obtain a 

15 silicon powder. 

The above two powders were combined and mixed for 
60 minutes in a stainless steel V mixer, after which 
they were taken out of the mixer and dried to obtain a 
mixed powder of cesium chromate powder and silicon 

20 powder. A tubular vessel made of nickel, formed with a 

spiral cross sectional shape and provided with the 
desired opening in the lengthwise direction, was packed 
with a specific amount of this mixed powder, after 
which the vessel was sealed at both ends to form a 

25 cesium vapor generator. 
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This generator and a generator obtained by packing 
a vessel the same as that described above with a mixed 
powder produced by a conventional method were each 
electrically heated by a specific current in a vacuum 
5 vessel so as to generate cesium vapor, and the 

reproducibility of the generation states were compared. 

The reproducibility (that is, the ratio of the 
number of conforming articles out of the total sample) 
was 40 to 50% with the generator produced by the 
10 conventional method, but was 80% with the generator of 

this example. 
Example 2 

A cesium chromate powder that had been pulverized 
under the same conditions as in Example 1 was passed 

15 through a 200 mesh sieve to remove the coarse particles. 

Also, a silicon powder that had been pulverized under 
the same conditions as in Example 1 was passed through 
a 150 mesh sieve to remove the coarse particles. 

The two powders from which the coarse particles 

20 had been removed were combined and mixed for 60 minutes 

in a V mixer, after which the mixed powder was taken 
out and dried. A specific amount of this mixed powder 
was packed into the same vessel as in Example 1 to 
produce a cesium vapor generator. This generator and a 

25 generator produced by a conventional method were 

compared in the same manner as in Example 1, which 
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revealed that the reproducibility of the generator of 
this example was 82 to 84%, whereas that of the 
conventional generator was 40 to 50%, indicating that 
the results were even better than the 80% of Example 1. 
Example 3 

Raw material cesium chromate and silicon were 
pulverized under the same conditions as in Example 1, 
after which the cesium chromate powder thus obtained 
was passed through a 200 . mesh sieve to remove the 
coarse particles. The silicon powder was passed 
through a 150 mesh sieve to remove the coarse particles, 

The two powders from which the coarse particles 
had been removed were combined and mixed for 30 minutes 
in a V mixer, after which the mixed powder was taken 
out and heated and dried for 30 minutes . at 100°C, and 
then the mixture was passed through a 60 mesh sieve. 
The mixed powder that passed through this sieve was put 
back into the V mixer and mixed for 30 minutes. 

Upon completion of this mixing, a specific amount 
of this mixed powder was packed into the same vessel as 
in Example 1 to produce a cesium vapor generator. The 
reproducibility of this generator and that of a 
conventional generator were compared in the same manner 
as in Example 1, which revealed. that the 
reproducibility of the generator of this example was 86 
to 90%, indicating that the results were even better 



than those obtained with the generators of Examples 1 
and 2 . 

A mixed powder of cesium chromate and silicon was 
produced in the examples given above, but the results 
are similar when producing a multi-alkali generator 
using one or more chromates or dichromates of alkali 
metals such as cesium, sodium, potassium, rubidium, and 
lithium, either in elemental or compound form. 

Also, the same results are obtained when one or 
more members of the group consisting of titanium, 
aluminum, zirconium, and the like, either in elemental 
or alloy form, are selected and used either in 
elemental or compound form instead of silicon for the 
reducing agent . 

The effect of the method of the present invention 
will be the same when the above-mentioned mixed powder 
is molded into pellets and an alkali metal vapor 
generator is formed. 

With the method of the present invention, it is 
possible to obtain an alkali irietal vapor generator with 
which an alkali metal vapor can be generated stably and 
with accurate control over the amount being generated, 
and therefore this method offers excellent practical 
benefits in the formation of the photoelectron emission 
surface of a photoelectric tube, such as a 
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photoelectron multiplier tube or ultraviolet 
fluorescence multiplier tube, of an image orthicon. 
Claims 

1 A method for manufacturing an alkali metal 
5 vapor generator, comprising the steps of: 

obtaining a powder whose particle size is within a 
specific range by pulverizing at least one type of 
alkali metal chromate or dichromate; 

obtaining a reducing agent powder whose particle 
10 size is within a specific range by pulverizing at least 

one member of the group consisting of silicon, titanium, 
aluminum, and zirconium, either in elemental or alloy 
form; and 

combining and mixing specific amounts of the 
15 alkali metal salt powder and the reducing agent powder. 

Reference Literature 

Japanese Patent Publication S35-3660 




Translator 1 s note : 

Page 3, column 5, line 16, literally "outer" (gai) in 
the original, but this doesn T t seem to make any sense. 
Ultraviolet {shigai) is a best guess as to the intended 
5 meaning. 
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